Little is known about the impact of having one cardiovascular (CV) risk factor on the levels of other CV risk factors in the general adolescent population. We hypothesized that when adolescents have one CV risk factor, the levels of other CV risk factors worsen simultaneously. Methods: Subjects consisted of 1,257 healthy adolescent volunteers (549 males and 708 females) aged 15 − 18 years. Abdominal obesity, hypertension, raised triglyceride levels, decreased HDL-cholesterol levels and hyperglycemia were used as CV risk factors. Homeostasis assessment of insulin resistance (HOMA-IR) was used as a surrogate marker of insulin resistance. Levels of four biomarkers, leptin, adiponectin, high-sensitive C-reactive protein, and desacyl-ghrelin, were also determined. Cut-offs for gender-specific individual CV risk factor levels were based on the 90th (or 10th) percentile values of the subjects in the present study. Results: The levels of all CV risk factors and HOMA-IR significantly and simultaneously worsened when adolescents had one CV risk factor in both genders. Having any one CV risk factor indicated the development of other CV risk factors in adolescents; in particular, we found that the development of abdominal obesity in male subjects had a harmful effect on the levels of other CV risk factors and was associated with the worsening of all four biomarkers examined. Conclusions: It is important to determine the presence or absence of these CV risk factors before and/or during adolescence, because having one CV risk factor indicates the start of an accumulation of CV risk factors in the general adolescent population.
Introduction
The prevalence of overweight and obesity in children is increasing rapidly, and the ongoing obesity epidemic represents a major public health burden worldwide 1, 2) . Obesity accompanies a clustering of cardiovascular (CV) risk factors, including abdominal factors in adolescents. Another problem in the pediatric field is that it is difficult to determine the cutoffs for CV risk factors using their CV outcomes for children and adolescents 13) , because there have been few long-term longitudinal studies from children to the middle-aged or even the elderly. Many pediatric investigators have used the 90th percentile values for cutoffs of the CV risk factors in children and adolescents 13) . The sample volume of the present study was relatively large for an adolescent study; we determined the 90th percentile values of the CV risk factors based on the data of the present study and used them as the cutoffs for the CV risk factors in the present study.
The aim of the present study was to determine the association between having one CV risk factor and the levels of other CV risk factors in healthy adolescent volunteers.
Methods

Subjects
Subjects consisted of 1,358 healthy adolescent volunteers (587 males and 771 females) aged 15 − 18 years, who participated in the project between 2006 and 2008. The aim of the project was to establish criteria for CV risk factors in Japanese adolescents. The project was conducted in three areas: Toyama, Chiba, and Kagoshima prefectures. The project was announced through local boards of education in all three areas and all subjects gave written informed consent. Of the 1,358 subjects, 101 were excluded from the study; 52 participated in the project twice and data for only the first visit were used, and 49 had incomplete data. Therefore, 1,257 volunteers were included in the present study (549 males and 708 females). We obtained permission to use and analyze these data from the Ethics Committee of the National Hospital Organization Kagoshima Medical Center under the condition that the confidentiality of all personal data would be maintained. The prevalence of a body mass index (BMI) 25, ≥ 25 − 30, and ≥ 30 was 91.7%, 6.3%, and 2.0% in male subjects, and 95.2%, 4.3%, and 0.6% in female subjects, respectively. The prevalence of BMI 25, ≥ 25 − 30, and ≥ 30 in the Japanese adolescent population was 88.0%, 8.9%, and 3.1% in males, and 90.9%, 7.4%, and 1.7% in females, respectively, in 2006 − 2008 from the Annual Report of School Health Survey 14) , indicating that the prevalence of obese subjects in the present study was lower than in the Japanese general adolescent population.
Physical and Blood Biochemical Parameters
Height was measured to the nearest 0.1 cm and weight was measured to the nearest 0.1 kg. BMI was calculated as (weight in kg)/(height in m) 2 . Blood pressure was measured three times after 10 minutes rest in the sitting position using an automated oscillatory system (TM-2571; A&D Co. Ltd, Tokyo, Japan) and the mean value of the second and third measurements was used. Waist circumference was measured at the umbilical level to the nearest 0.1 cm.
Blood samples were collected in the morning after an overnight fast for estimation of serum levels of high-density lipoprotein (HDL)-cholesterol, triglyceride, fasting blood glucose (FBG) and fasting insulin. HDL-cholesterol levels were determined by a direct quantitative assay. Triglyceride and FBG levels were determined by enzymatic assays. HDL-cholesterol, triglyceride and FBG levels were analyzed using an automated analyzer (JCA-BM9030; JEOL Ltd., Tokyo, Japan). Insulin levels were measured by a chemiluminescence immunological assay using an automated analyzer (Lumipulse ® PrestoII; Fujirebio Inc., Tokyo, Japan). All assays were performed at a laboratory (SRL Inc., Tokyo, Japan). Homeostasis model assessment of insulin resistance (HOMA-IR) 15) was used as a surrogate marker for insulin resistance, and HOMA-IR was calculated as [fasting insulin ( U/mL)] [fasting glucose (mg/dL)]/405. To evaluate pancreatic -cell function, we measured HOMA-derived -cell function (HOMA-) 15) as [360 fasting insulin ( U/mL)]/ [fasting glucose (mg/dL) 63].
Leptin, adiponectin, high sensitive C-reactive protein (hs-CRP) and desacyl-ghrelin, levels were measured at the same laboratory (SRL); these adipocytokines and/or inflammatory markers are hereafter collectively referred to as biomarkers. Leptin was measured by a Human Leptin RIA KIT ® (Linco Research Inc., St Charles, MO), adiponectin was measured by a Human Adiponectin ELISA kit ® (Otsuka Pharmaceutical Inc., Tokyo, Japan), hs-CRP was measured by N-Latex CRP II ® (Dade Behring Inc., Marburg, Germany), and desacyl-ghrelin was measured by Desacyl Ghrelin ELISA ® (Mitsubishi Kagaku Iatron Inc., Tokyo, Japan).
Definition of CV Risk Factors
Abdominal obesity, hypertension, raised triglyceride levels, decreased HDL-cholesterol levels and hyperglycemia were used as the CV risk factors in the present study. Because the prevalence of obese subjects in the present study was lower than the adolescent population, as cited above, gender-specific cut-offs were determined after adjustment for the weighted mean of the BMI distribution (BMI 25, ≥ 25 − 30, and ≥ 30) between the subjects of the present study and the general adolescent population in 2006 − 2008 14) . The 90th values of waist circumference ( ≥ 80 cm and ≥ 79 cm, for males and females, respectively), systolic ( ≥ 129 mmHg and ≥ 119 mmHg, respectively) and diastolic ( ≥ 75 mmHg and ≥ 73 mmHg, respectively) blood pressure, triglyceride ( ≥ 106 mg/dL and ≥ 95 mg/dL, respectively), FBG ( ≥ 96 mg/dL and ≥ 93 mg/dL, respectively), HOMA-IR ( ≥ 2.59 and ≥ 2.68, respectively) and the 10th percentile value of HDL-cholesterol ( 46 mg/dL and 50 mg/dL, respectively) were used as cut-offs for the present study.
Statistical Analyses
Highly skewed variables in distribution were log transformed to raise unimodal symmetry, which is indicated by Ln( ) hereafter to highlight the transformation. Gender differences were detected by unpaired Student's t -test. Subjects were divided into four groups as follows: 0, 1, 2, and ≥ 3 CV risk factors for each gender. Tukey's multiple comparison was carried out for differences between any two groups with a trend test using contrast. To assess the impact on the levels of HOMA-IR, HOMA-, or FBG, simple regression analysis was performed using the levels of the other CV risk factors as dependent variables and the levels of HOMA-IR, HOMA-, or FBG as independent variables. To determine whether leptin levels were associated with the presence or absence and with the number of CV risk factors after adjustment for waist circumference or body mass index, another multivariate regression analysis was carried out using the Ln(leptin) levels as the dependent variable and waist circumference, BMI, and the presence of CV risks or the number of CV risk factors. Statistical analysis was performed with PASW ® Statistics 18 software (SPSS Inc., Tokyo, Japan). P 0.05 was considered significant.
Results
Male adolescents had higher mean values of waist circumference, blood pressure, and FBG than females, while females had a higher HDL-cholesterol level than males ( Table 1) . Gender differences were present in the mean values of Ln(leptin), adiponectin, and Ln(hs-CRP).
The number of adolescents who had 0, 1, 2, 3, 4, and 5 risk factors was 306, 166, 52, 23, 2, and 0 subjects in males, and 413, 218, 58, 17, 2, and 0 subjects in females, respectively. Among the subjects with 2 CV risk factors, frequent combinations of CV risks were hypertension and hyperglycemia, raised triglyceride and decreased HDL-cholesterol levels in both genders, and hypertension and raised triglyceride levels in males ( Table 2) . We then divided the male and female subjects into four groups as follows: 0, 1, 2, and ≥ 3 CV risk factors. P values for the trend of all five CV risk factors and Ln(HOMA-IR) were p 0.0001 in both males and females (Fig. 1) . Multiple comparison analysis showed that the mean values of all five CV risk factors and Ln(HOMA-IR) levels significantly worsened in both genders when adolescents had one CV risk factor (Fig. 1) . Among the biomarkers, p values for the trend of Ln(leptin), adiponectin, Ln(hs-CRP), and Ln(ghrelin) were 0.0001, 0.0001, 0.0001, and 0.003 in males and 0.0001, 0.0006, 0.0002, and 0.23 in females, respectively (Fig. 2) . Multiple comparison analysis showed that the mean values of Ln(leptin) in males, and those of Ln(leptin) and adiponectin in females significantly worsened when adolescents had one CV risk factor (Fig. 2) .
We determined the impact of having any one of the CV risk factors on other CV risk factor levels ( Table 3) . The presence of any one of the CV risk factors was associated with another one or more CV risk factors, except for hyperglycemia in males. In particular, abdominal obesity was associated with significantly worsening levels of triglyceride, HDL-cholesterol, and insulin resistance in males, and HDL-cholesterol and insulin resistance in females. The effect of HOMA-IR and FBG levels on the other CV risk factors was determined in males because of no association between the presence of hyperglycemia and the levels of remaining CV risk factors. Regression analysis revealed that levels of Ln(HOMA-IR) were strongly associated with the levels of abdominal obesity (t 8.83, p 0.0001), systolic blood pressure (t 3.09, p 0.002), Ln(triglyceride) (t 12.04, p 0.0001), and HDL-cholesterol ( 6.82, p 0.0001) and that Ln(HOMA-) was also strongly associated with the levels of abdominal obesity (t 8.11, p 0.0001), systolic blood pressure (t 2.47, p 0.01), Ln(triglyceride) (t 10.37, p 0.0001), and HDL-cholesterol ( 6.18, p 0.0001), while FBG levels were not significantly associated with other CV risk factors, except for Ln(triglyceride) levels (t 2.50, p 0.01).
Abdominal obesity was also associated with the worsening of all four biomarkers in males, and leptin and adiponectin levels in females. Ln(leptin) levels were associated with the number of CV risk factors in both genders and with the presence of any CV risks in males after adjustment for waist circumference or BMI ( Table 4) .
Discussion
The present study showed that the levels of all CV risk factors and HOMA-IR significantly and simultaneously worsened when adolescents had one of the CV risk factors in both genders. Having one CV risk factor indicated the worsening of other CV risk factor levels in adolescents. In particular, the development of abdominal obesity had a harmful effect on the levels of other CV risk factors and biomarkers.
Attitudes and physical morbidities that develop during adolescence are thought to have a profound effect on long-term health 13) , suggesting that maintaining a healthy condition with no CV risks until adolescence decreases the prevalence of CV diseases in adulthood; however, little is known about the associa- tion between having one CV risk factor and the levels of other CV risk factors in the general adolescent population. Another problem in the pediatric field is that there have been few long-term longitudinal studies from children to the middle-aged or even the elderly. Many pediatric investigators have used the 90th percentile values for cutoffs of CV risk factors in children and adolescents 13) . The criteria of the International Diabetes Federation also recommend using the 90th percentile value of waist circumference to diagnose abdominal obesity for children aged 6 to 16 years of age. We thesefore determined the 90th percentile values for CV risk factors based on the data of the present study and used them as the cutoffs for CV risk factors. The present study showed that having one of the CV risk factors was associated with worsening levels of all CV risk factors and HOMA-IR. The data indicate that it is important to determine the presence or absence of these CV risk factors before and/or during adolescence, ant that primary prevention of all CV risk factors is needed for the general adolescent population.
Development of abdominal obesity had a harmful effect on the levels of other CV risk factors and biomarkers in the present study. Large, communitybased studies in adults have shown that abdominal visceral adipose tissue is strongly associated with adverse metabolic risk profiles in the general population 16, 17) . These previous findings and the present data show that the development of abdominal obesity is a key factor among the CV risk factors for the accumulation of metabolic risk profiles, not only in adults but also in the dolescent general population.
A CV risk factor accompanies a clustering of other CV risk factors, including abdominal obesity, impaired glucose tolerance, hypertension, and dyslipidemia, which have been collectively termed metabolic syndrome in both children and adults. In subjects with 2 CV risk factors, frequent combinations of CV risks were hypertension and hyperglycemia or raised triglyceride and decreased HDL-cholesterol levels in both genders. These combinations are well known in adult population 18, 19) . The present study showed that these combinations started as early as in adolescencs.
Among the CV risk factors, hyperglycemia in males was not associated with any other CV risk factors in the present study. Hyperglycemia is known to be associated with a clustering of CV risk factors in adolescents in several areas 20, 21) , suggesting the presence of ethnic and/or gender differences. We found that a surrogate marker of insulin resistance is a candidate for one of the CV risk factors because levels of HOMA-IR were strongly associated with levels of other CV risk factors in male adolescents. Abe et al. also showed that insulin levels, but not levels of FBG, were associated with the number of CV risk factors in obese boys with a mean age of 12 years 22) . In the male Japanese pediatric and adolescent population, levels of fasting insulin and/or HOMA-IR, but not FBG, might be useful parameters for one of the CV risk factors, which is consistent with previous studies 22, 23) . Beta-cell function in adolescent males was associated with the levels of other CV risk factors in the present study. In contrast with the steady decline in -cell function with age observed in adults 24, 25) , increasing insulin resistance in children and adolescent could be well compensated by an increase in -cell function, as measured with HOMA-, to maintain glucose homeostatis 26) , as was shown in previous studies 26, 27) . Of the biomarkers examined in the present study, only leptin levels significantly increased with an increase in the number of CV risk factors in both genders (Fig. 2) . Ln(leptin) levels were associated with the presence or number of CV risk factors after adjustment for waist circumference or BMI ( Table 4) . A previous report showed that leptin levels were the most sensitive marker for predicting the accumulation Leptin levels (ng/mL)
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Leptin levels (ng/mL) Adiponectin levels (µg/mL) ; Eight male and 12 female subjects with high HOMA-IR levels had high FBG levels, but did not have any other CV risk factors. Abbreviations: AN, adiponectin; DBP, diastolic blood pressure; CV, cardiovascular; FBG, fasting blood glucose; HDL-C, High-density lipoproteincholesterol; HOMA-IR, homeostasis assessment of insulin resistance; hs-CRP, high sensitive C-reactive protein; SBP, systolic blood pressure; TG, triglyceride. of CV risk factors in the general population of elementary school children 28) . Nakatani et al. reported that serum leptin was a more useful biomarker of metabolic abnormalities than high-molecular-weight adiponectin in general male adolescents 23) . These previous and the present data suggest that leptin levels are a candidate for predicting the presence and/or accumulation of CV risk factors in the general pediatric population.
A limitation of the present study is that the adolescent subjects voluntarily participated in the project. Heavier adolescents were less inclined to volunteer; however, this means that the results obtained from the present study can be applied to the general adolescent population. The second limitation is that we defined the CV risk factors on the basis of gender-and Japanese-specific 90th percentile values (10th percentile for HDL-cholesterol), but not on the basis of universally used criteria, such as the International Diabetes Federation criteria 29) or the American Heart Association/the National Heart, Lung, and Blood Institute criteria 30, 31) . One reason why we did not use universal criteria was that we did not intend to compare the prevalence of metabolic syndrome. The second reason was that the mean values of each CV risk factor are different among countries 32, 33) , suggesting that the definition should be gender-and ethnic-specific to understand the pathophysiology of CV risk factors in each area.
Conclusion
The levels of CV risk factors and HOMA-IR significantly and simultaneously worsened when adolescents had one of the CV risk factors in both genders. It is important to determine the presence or absence of these CV risk factors during adolescence, because having one CV risk factor indicates the start of the accumulation of CV risk factors in the general adolescent population. Our data also suggest that further interventional studies are warranted to test the impact of the alleviation of any one of these CV risks, especially abdominal obesity, on the incidence of other CV risks in the adolescent population.
